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Abstract 
We propose a new idea for fabricating a large-current capacity YBCO conductor having a Roebel-type transposition formed by 
joining tapes. If the joule heating generated by joints is smaller than other heat sources, such as AC losses, this type of conductor 
may work as a quasi-superconductor. We note that the Roebel-type transposition can be included on demand in coil windings, not 
over the whole conductor length but rather locally, such as at terminals and coil edges to secure uniform current distribution among 
tapes. We fabricated a 1.2 m-long conductor sample based on this idea using 20 YBCO tapes. The Roebel-assembled tapes having 
joints with a 600-mm pitch length for meandering were imbedded in a copper jacket and soldered. The sample was tested in liquid 
nitrogen under the self magnetic field and the critical current was measured. The joint resistance was evaluated and compared with 
the expected value.  
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1. Introduction 
Considering the application of YBCO coated-conductors to electrical devices having large stored magnetic energy 
in the near future, based on the rapid progress of the wire production technology, it could be an option to use multiple 
numbers of tapes to support the transport current of 10 kA or higher. In such large-current capacity conductors, 
transposition of YBCO tapes is inevitable to secure uniform current distribution and low AC losses. For this purpose, 
the Roebel-assembled conductor could be a solution, which is being developed in Germany and worldwide [1-4]. It 
should be noted that a large-current conductor can be formed by combining multiple Roebel-conductors. One of the 
problems associated with the Roebel conductor is, however, that portions of YBCO tapes are punched out to form the 
meandering structures and some portions of the tapes are spoiled. Another problem is that this meandering structure is 
fixed over the whole conductor length even if it is not strictly required from the specifications of application. In this 
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regard, we propose a new method for making a Roebel-type meandering structure and assembling, which could be 
included on-demand to meet the requirement for conductors and coils.  
2. Roebel conductor formed with joints 
Figure 1 shows a schematic illustration of the assembling method of the proposed Roebel-conductor in the case of 4 
tapes (for simplicity). We note that the longitudinally aligned two tapes are connected by a joint piece of YBCO tape 
so that a meandering structure similar to the one for an equivalent long tape (prepared by punching out the tape) can be 
realized. The four tapes with the meandering structures are then assembled into a Roebel conductor. Based on this 
method, we fabricated a kA-class conductor using 20 (10-layers and 2-rows) of YBCO tapes, having 5 mm width, 130 
A critical current (at 77 K, self-field) prepared by the MOD method [5]. Figure 2 shows a schematic illustration of the 
structure with 20 tapes and the real photo images of the assembled 1.2 m-long conductor are shown in Fig. 3. The 
Roebel-assembled tapes have joints with a 600-mm pitch length for meandering. The joint length is 50 mm, and 10-
mm width YBCO tapes were used for connecting the two 5-mm width tapes by soldering. After making the Roebel-
assembly, the bundle of tapes was installed into a copper jacket as shown in Fig. 3(b) and (c). In the present sample, a 
low-temperature solder was used for the final soldering work so that the pre-soldered joints of YBCO tapes were not 
damaged.  
 
 
Fig. 1. Schematic illustration of the fabrication method of a Roebel-conductor with the meandering structures of four tapes formed by joints.  
 
 
Fig. 2. Schematic illustration of the fabrication method of a Roebel-conductor with 20 tapes. Upper: layout of 20 tapes with the meandering 
structures formed by joints. Lower: the assembled bundle of tapes.  
 
(b)(a)
(c)
 
Fig. 3. (a) Photo of 20 tapes having the meandering structures formed by joints, (b) the assembled bundle of tapes installed in a copper jacket 
together with a copper lid of the jacket and (c) drawing of the cross-sectional image of the conductor sample.  
 
For this type of Roebel-conductor, we note that if the joule heating by internal joints is smaller than other losses, 
such as AC losses, one can realize a quasi-superconductor. We presently name this conductor “Roebel-MITO 
conductor” where “MITO” stands for “Meandering with Internal Transposition Optimization”. The advantage of this 
conductor is that the Roebel structure can be introduced flexibly into a coil where it is really necessary, for example, at 
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terminals or coil edges where it is found that transpositions is effective to reduce AC losses [6]. Using this assembling 
method, transposition of YBCO tapes could be done internally in a conductor without leaving an external weak point 
in a coil. Moreover, if the transposition is not required over the whole conductor length, the rest of the conductor may 
have a simple stacking of tapes. Thus, we propose that this Roebel-MITO structure can be introduced “on-demand”.  
3. Experimental results 
3.1. Critical current measurement 
The assembled conductor was presently tested in liquid nitrogen (at temperature 77 K) under the self magnetic field. 
As a reference, we fabricated another conductor with the same size but with simple stacking of 20 YBCO tapes 
imbedded in a copper jacket without introducing the Roebel-structure. Figure 4 shows the observed voltage signals 
normalized by the voltage tap length (120 mm) during the critical current measurements for (a) the simple-stacking 
conductor and (b) the Roebel-MITO conductor. For the simple-stacking conductor, the critical current was observed at 
2050 A under the criterion of 1 PV/cm of voltage rise. For the Roebel-MITO conductor, the critical current was 
slightly lower to be 1830 A. This difference can be explained by the difference of the spatial distribution of the current 
and self magnetic field. Note that for the simple-stacking conductor, the transport current in each tape is filled up to 
the value by automatically enhancing a non-uniform current distribution, which is similar to the situation observed in 
low-Tc superconductors with non-transposed NbTi strands [7]. On the other hand, as the Roebel-MITO conductor has 
transpositions, all the tapes reach the critical current simultaneously due to the uniform current distribution, and thus, 
the overall critical current of the conductor is reduced compared to the one measured for a simple-stacking conductor.  
As is seen in Fig. 4(b), there is a small increase of the voltage for the Roebel-MITO conductor before reaching the 
critical current. This could be explained by the resistance due to the internal joints of the Roebel structure. According 
to the measurement of the joint resistance for single tapes, we estimate the joint resistance over the whole sample 
length of 1.2 m to be 24 n:. As is shown in Fig. 5, the experimentally determined joint resistance of ~22 n: (18 
n:/m) shows good agreement with the expected value.  
 
 
Fig. 4. Voltage signals divided by the voltage tap length of 120 mm observed in the critical current measurements for (a) the simple-stacking 
conductor and for (b) the Roebel-MITO conductor.  
 
 
Fig. 5. Magnified image of the voltage signal (obtained by a 1.2-m voltage tap) during the current ramp up for evaluating the internal joint resistance 
of the Roebel-MITO conductor. The measured raw signal shown by the thin curve is averaged and the thick curve is obtained.  
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3.2. Bending test 
In order to examine the feasibility of coil winding using the Roebel-MITO conductor, we carried out a bending test. 
The conductor samples were bent at room temperature using Bakelite jigs and the critical current was measured at 77 
K each time. In Fig. 6, the observed critical current is plotted as a function of the applied bending strain, evaluated as 
the maximum value in the cross-sectional area occupied by the YBCO tapes. We applied a bending stain up to 0.4% in 
the present experiment. Though there was no degradation for the simple-stacking conductor, there was a significant 
degradation for the Roebel-MITO conductor. We consider that the joint length of 50 mm for making the meandering 
structure was too long and a damage might have occurred during the bending process. To solve this problem, we 
consider that the joint length could be shortened. We may also use softer materials for joints, such as BSCCO tapes.  
 
 
Fig. 6. Critical current versus the applied maximum bending strain on the YBCO tapes for the simple-stacking and Roebel-MITO conductors.  
4. Conclusions 
We propose a new idea for making a large-current capacity Roebel-type conductor with meandering structures and 
transpositions formed by joining YBCO tapes. If the joule heating generated by joints is smaller than other heat 
sources, such as AC losses, this type of conductor may work as a quasi-superconductor. We note that the Roebel-
MITO conductor can be included on demand in coil windings, not over the whole conductor length but rather locally, 
such as at terminals and coil edges, so that uniform current distribution is secured. We fabricated a 1.2 m-long 
conductor sample using 20 YBCO tapes. The critical current showed a slightly lower value than that of a simple-
stacking conductor, which is explained by the difference of current and self magnetic field distributions. The internal 
joint resistance of ~18 n:/m is close to the expected value. The structure of joints, pitch length and joining materials 
will be optimized in our future study.  
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